Epigenetic changes are a hallmark of short-and long-term transcriptional regulation, and 10 hence instrumental in the control of cellular identity and plasticity. Epigenetic mechanisms leading 11 to changes in chromatin structure, accessibility for recruitment of transcriptional complexes, and 12 interaction of enhancers and promoters all contribute to acute and chronic adaptations of cells, tissues 13 and organs to internal and external perturbations. Similarly, the peroxisome proliferator-activated 14 receptor γ coactivator 1α (PGC-1α) is activated by stimuli that alter the cellular energetic demand, 15 and subsequently controls complex transcriptional networks responsible for cellular plasticity. It thus 16 is of no surprise that PGC-1α is under the control of epigenetic mechanisms, and constitutes a 17 mediator of epigenetic changes in various tissues and contexts. In this review, we summarize the 18 current knowledge of the link between epigenetics and PGC-1α in health and disease.
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protein (CREB) binding protein (CBP) and the sterol-receptor coactivator 1 (SRC-1) [8] . The ensuing 145 acetylation of histones contributes significantly to the transcriptional activation of PGC-1α target 146 genes. Similarly, recruitment of the thyroid hormone receptor-associated protein (TRAP)/vitamin D 147 receptor interacting protein (DRIP)/mediator complex to the C-terminus of PGC-1α facilitates the 148 interaction of the PGC-1α transcriptional complex with RNA polymerase II [9] . Moreover, the direct 149 interaction between PGC-1α and the PPARγ-interacting mediator subunit TRAP220 facilitates 150 preinitiation complex formation and function. Finally, PGC-1α binds to the BRG1-associated factor 151 60A (Baf60a) and thereby promotes nucleosome remodeling and chromatin opening via SWI/SNF 152 activity [10] . The recruitment of these different complexes are linked. For example, a mutant version 153 of PGC-1α lacking the C-terminal domain not only lacks binding to the mediator complex, but also 154 fails to enhance p300/CBP-dependent transcription via the still intact N-terminus [9] .
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The strong transcriptional regulation of PGC-1α gene expression, and the recruitment of several 156 protein complexes that exert effects on histones and chromatin hint at a strong epigenetic control of 157 PGC-1α expression and action. In the following paragraphs, we have summarized the current binding of HDAC5 to MEF2, which then mediates deacetylation of histones and transcriptional 171 repression [47, 48] . Indeed, different histone marks have been linked to the transcriptional activity of 172 PPARGC1A, the gene encoding PGC-1α, in skeletal muscle after exercise. For example, the expression 173 of transcript isoforms that are initiated from the distal promoter coincides with the deposition of the 174 activation mark H3K4me3 1 hour after training in murine quadriceps muscle [49] . Similarly, elevated 175 acetylation of histone 3 was reported at the proximal promoter of rat PGC-1α in a muscle fiber type-176 dependent manner [50] . PGC-1α promoter activity furthermore is strongly influenced by DNA 177 methylation events. In ex vivo stimulation experiments of mouse soleus muscle, enhanced expression 178 of PGC-1α after 180 minutes was preceded by a decrease in DNA methylation at the promoter already 179 after 45 minutes of stimulation [12] . In skeletal muscle in vivo, a similar reduction in promoter 180 methylation of the PGC-1α gene was associated with elevated transcription [12] . Finally, a 181 combination of H3K4me3 and H3K27me3 was found at the distal promoter, indicative of a poised 182 promoter ready for rapid transcriptional activation in skeletal muscle, suggestive of the usage of 183 poised promoters for isoform and tissue-specific expression of PGC-1α [49] . Then, the changes in 184 DNA methylation in the PGC-1α promoter have been associated with nucleosome repositioning in 185 this locus. Thus, after an acute endurance exercise bout, the -1 nucleosome in the PGC-1α promoter 186 is repositioned away from the transcriptional start site by exercise and hypomethylation of the -260 187 nucleotide, leading to increased transcription of the PGC-1α gene [51] . Importantly, this mechanism 188 has been linked to decreased ectopic lipid deposition in muscle, but only in high responders in regard 189 to PGC-1α induction by exercise. Finally, the levels of muscle PGC-1α are affected by different RNAs.
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For example, miR-23, a putative repressor of PGC-1α, is strongly downregulated after 90 minutes of 191 acute exercise in mouse muscle [52] . In chronically trained and casted mice, the expression of miR- 
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In skeletal muscle, obesity results in an altered gene expression profile that is associated with 281 wide-spread changes in DNA methylation events [13] . As one of these genes, the promoter of PGC-282 1α is hypermethylated in obese subjects, and the methylation pattern is restored after gastric bypass 
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Changes in the methylation status of the PGC-1α promoter were furthermore described in cultured 288 human primary myocytes exposed to fatty acids, in a DNMT3B-dependent manner [11] . A link 289 between fatty acid oxidation and PGC-1α promoter methylation was likewise proposed by the effect 
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Similarly, a 2-fold increase in PGC-1α promoter methylation was described in human pancreatic islet 
